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(54) A method for preparing a conductive polythiophene layer at low temperature 

(57) A method for producing a polymeric conductive 
layer on an object comprising the steps of : 

providing an aqueous composition containing a pol- 
ythiophene, a polyanion compound and an aprotic 
compound with a dielectric constant, c £ 15, 

- applying said composition to said object forming a 
layer and 

- drying said layer to form a conductive polymeric 
layer on said object, 

characterised in that during said production said object 
and said layer are kept at a temperature below 100 °C 
and said conductive polymeric layer has a resistivity of 
at most 2 kQ/square. 
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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to a method for producing a polymeric conductive layer on an object This invention 
relates especially to a method for producing a polymeric conductive layer of polythiophene and derivatives. 

BACKGROUND OF THE INVENTION 

i^l 7116 producBon and the use of electronically conducive polymers are well known in the art In DE-A-41 32 
614 the production of film-forming, electronically conductive polymers by anodic oxidation of pyroles thiophenes 
furans or aromatic amines (or their derivatives.) is effected with a sulphone compound present in the electrolyte solu^ 
tion. in US-A-5 254 648 the preparation of electrically-conducting polythfophenes are described In US-A-5 236 627 a 
method for the preparation of polypyrrole is described. There are several uses for such polymers, they can be used as 
electrodes in capacitors, as disclosed in. e.g.. EP-A-803 886. they are useful as a replacement for metal conductors in 
electrostatic discharge elimination and electromagnetic shielding as disclosed in, e.g.. WO-A-96/266355 The layers of 
electrically-conductive polymers can be shaped into -Wires" or channels using conventional photolithographic tech- 
niques and can then be used as interconnects for microchip fabrication, in devices requiring controlled resistance of 
resistive channels-, in non-linear optics, etc Such shaping of electrically-conductive polymers into "wires" or channels 
has been disclosedin US-A-5 561 030. Also in WO-A-97/18944 methods for patterning electrically-conductive polymer 
layers are disclosed. 

[0003] Many of the electrically conductive polymers can not be applied to an object from an aqueous solution but 
have to be applied from a composition with organic solvents, e.g. polyaniline is frequently processed from solutions in 
cresol . In the light of ecological needs, the need to use organic solvents is a drawback and can hamper the widespread 
use of etectncally conductive polymers. In EP-A^40 957 a method for preparing polythiophene in an aqueous environ- 
ment and applying polythiophene from an aqueous solution has been described. Such a solution is up until now mostly 
be used in photographic materials as disclosed in, e g.. US-A-5 31 2 681 . US-A-5 354 61 3 and US-A-5 391 472 
[0004] An other limiting factor in the use of electrically-conducting polymers is the fact that when the polymer is 
applied in an amount leading to good conductivity, the layers are frequently coloured, which is undesired when these 
polymer layers are to be used as transparent electrode in LCD or electroluminescent devices. Therefore much efforts 
have be done to increase the conductivity of the polymers without increasing the coloration so that thin almost colour- 
less layers of electrically-conductive polymers can be applied having high conductivity. 

[0005] In EP-A-686 662 it has been disclosed that layers of polythiophene coated from an aqueous composition 
could be made with high conductivity. Therefore the aqueous composition of the polythiophene comprises further a di- 
ss or polyhydroxy compound and after coating said composition and drying the layer, the layer has to be treated at tem- 
peratures between 150 and 250 °C in a separate production step. Although the layers disclosed in EP-A-686 662 have 
a tow resistivity of about 300 ftfequare and lower, there is still a need for a method wherein the low resistivity can be 
reached at lower temperature and without the need of a separate annealing step. 

40 OBJECTS AND SUMMARY OF THE INVENTION 

[0006] ft is an object of the invention to provide a method tor producing highly conductive layers of electrically-con- 
ducting polymers on an object without needing an additional annealing step at elevated temperatures 
[0007] ft is an other object of the invention to provide an aqueous composition of an electrically conductive polymer 
45 that can be used to provide a highly conductive layer on an object. 

I 000 !! 1 A " 8 fUrther 0bject 01 tne invention to P""** 8 a polymeric film carrying a highly conductive layer of an elec- 
mcalryconducbve polymer, which can be used as electrodes in displays, e.g.. LCD's, electroluminescent devices 
capacitors, etc. 

« I0009 L- ThG ° bjeClS 61 thiS inverThon are rea,ised ^ Providing a method for producing a polymeric conductive layer 
so on an object comprising the steps of : 

- providing an aqueous composition containing : 

a polythiophene, 
55 a polyanion compound and 

an aprotic compound with a dielectric constant, e, ^ 15, 

- applying said composition to said object forming a layer and drying said layer to form a conductive polymeric layer 
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on said object, characterised in that said object and said layer are kept at a temperature below 100 °C and said 
conductive polymeric layer has a resistivity of at most 2 kO/square. 

Preferably said polythiophene has formula 
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in which, each of R 1 and R independently represents hydrogen or a C1-4 alkyl group or together represent an 
optionally substituted C1-4 alkylene group or a cycloalkylene group, preferably an ethylene group, an optionally alkyl- 
substituted methylene group, an optionally C1-12 alkyl- or phenyl-substituted 1 ^-ethylene group, a 1 ,3-propylene group 
or a 1,2-cyclohexylene group. The objects of the invention are further realised by providing an aqueous composition 
containing : 

a polythiophene with formula 
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in which, each of R 1 and R 2 independently represents hydrogen or a C1-4 alkyl group or together represent an 
optionally substituted C1-4 alkylene group or a cycloalkylene group, preferably an ethylene group, an optionally 
alkyl-substituted metnv,ene 9«>up, an optionally C1-12 alkyl- or phenyl-substituted 1,2-ethylene group a 1 3-pro- 
pylene group or a 1 ,2-cyclohexylene group, 

- a polyanion compound and 

- an aprotic compound with dielectric constant, e, £ 15 selected from the group consisting of sulphones sulphcorides 
organic phosphates esters, organic phosphonates, organic phosphamides, urea, derivatives of urea and mixtures' 
thereof. 

DETAILED DESCRIPTION OF THE INVENTION 

[0010] It was found after experimentation that the annealing step, necessary to enhance the conductivity of a layer 
containing polythiophene and a di- or polyhydroxy compound could be omitted- When instead of such a di- or polyhy- 
droxy compound, an aprotic compound (in this document aprotic is used to indicate compounds not carrying hydroxyl 
or carboxyl groups) with a dielectric constant, e £ 15 was used, a layer of polythiophene applied to an object having a 
resistivity of lower than 2 kOfequare could be prepared by applying an aqueous composition with a polythiophene and 
said aprotic compound (Further on Compound A) to the object and simply drying it at a temperature lower than 100 °C 
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or more preferably below 90 'C. Even when the drying proceeded at a temperature lower than 50 °C a very low resis- 
tivity could be achieved. It was possible to prepare layers with a resistivity below 500 Ofequare by simply drying the 
layer at a temperature lower than 50 «C. Thus no special, separate annealing step was necessary which is advanta- 
geous since it simplifies the production process of polymeric conductive layers and makes it both less expensive and 
s more ecological since, in the method of this invention, less calories have to be used to form the conductive layer Fur- 
thermore the absence of an annealing step at high temperature makes it possible to use the method of this invention 
tor applying conductive layers on stretched polymeric films, e.g. stretched polyester, that risk to shrink and curl when 
freated at temperatures above 120 or 150 °C. Thus the method of this invention can also be used for applying conduc- 
tive polymer layers on non-heat stable polymeric objects. 
w [0011] All resistivities in this document are measured according to the following method : A strp of the substrate 
coated with the conductive polymer is taken. This strip has a length of 27.5 cm and a width of 35 mm Over the width 
^S^r at 3 diStanCe 0,10 011 ° ,each other The electrodes are made of a conductive poly- 

mer. ECCOCOATCC-2 available from Emerson & Camming Speciality polymers. Over said electrode a constant poten- 
tial of 1 V is applied. The current flowing through the circuit is measured on a Pico-amperemeter KEITH LEY 485 Rom 
the potential and the current, taking in account the geometry of the measurement, the resistivity in n/square is calcu- 
tated. Preferably the compound A is an aprotic solvent selected from the group of lactams, amides, sulphones. sutphox- 
•desjjrganic phosphates esters, organic phosphonates. organic phosphamides. urea, derivatives of urea and mixtures 
!Tm^k, ^ ^ C °™ POUndS A are e 9 N-merhyl-2-pyrrofidone. 2 pynolidone. 1.3-dimethyl-2-imidazorKlone. 
f^^.N-te^ethylurea. tormamide. dimethyrrormamide. N.N-dimethylacetamide. tetramethylene subhone. dimeth- 
yteuHoxide, hexamethyiphosphamide. etc. 

[0012] Although pdythiophene made by polymerisation of any thiophene derivative, non-substituted or substitute 
can be used in the method of this invention, the polythiophene had preferably the formula 
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^ 7k ° R and * independent, y resents hydrogen or a C1-4 alkyl group or together represent an 

^TlL SU ^ C1-4 alkylene group or a cydoalkvtene group, preferably an ethylene group, an optionally alkyl- 
sub^ed methylene group, an optionally C1-12 alkyl- or phenyl-substituted 1 ^-ethylene group, a 1 .3-propylene group 
or a 1 ,2-cyclohexylene group. More preferably a polythiophene wherein R 1 and R 2 form together a - CHo-CHo- group is 
used. The preparation of such a polythiophene and of aqueous polythiophene polymeric polyanion dispersions contain- 
ing sari polythiophene is described in EP-A-440 957 and corresponding US-A-5.300.575. Basically the preparation of 
f^ h 7 proceeds in me ^ence of said polymeric polyanion conpounds by oxidative polymerisation of 
3,4-dialkoxythiophenes or 3.4-alkylenedioxythiophenes according to the following formula (II) 



O R 




wherein : 



R 1 and R 2 are as defined above, with oxidising agents typically used for the oxidative polymerisation of pyrrole 
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and/or with oxygen or air in the presence of said polyacids. preferably in aqueous medium containing optionally a 
certain amount of organic solvents, at temperatures of 0 to 100°C. 

!°™L - ^ Pftf^enes get Positive charges by the oxidative polymerisation, the location and number of said 
uToTthV^ 

[0014] When using air or oxygen as the oxidising agent their introduction proceeds into a solution containing thi- 
ophene. pofyaod, and optionally catalytic quantities of metal salts till the polymerisation is complete 
1 ™ 5 L Jf,^"? f gente suHab,e ^ 108 Polymerisation of pyrrole are described, for example, in J. Am 

F^riff^T 0 " ^TT eaSy t °" hand,e oxidisin 9 a 9 ente * G P^ferred such as iron(lll) salts. e.g. FeCfe, 
?ES? ,^ ,ron( ° 831,5 ° f °' 9aniC aci * and inw9anic acids ****** °^ an « ^idues. likewise ^cS 

[0016] ^etically. 2.25 equivalents of oxidising agent per mol of thiophene are required for the oxidative polym- 
ensat^n thereof [ref. J. Polym Sci. Part A, Polymer Chemistry. Vol. 26. p.1287 (1988)]. ^practice. howCTe oX 
ng agent is used in a certain excess, tor example, in excess of 0.1 to 2 equivalents per mol of thiophene 

h . P^^ 0 "- ihiophenes corresponding to Ihe formula above, a polyaad and oxidising agent 

Z^^Zr^ I 5 " "*~* ° r Dre,8rab,v in — * 8 ^"9 soZon or emLTon KE 

at the envisaged polymerisation temperature until the polymerisation reaction is completed. By that technique stable 

to^by'wSr" 6 dfePefSi0nS ^ 8 *** COntanl 01 005 10 ^ by wei ^ ^ SS?ftl 

[001 ^ ^ ?* aq , UeOUS ^P 058 ^ cortains preferably between 0.1 and 49 % by weight of said compound A with 
respect to the total weight of the composition. More preferably it contains between 1 and 20 % by w^n^prC 
A with respect to the total weight of the composition. compouna 

* 2?2 mJ^JElT " ^ m6th0d 01 invenfion <*" a,so ««^e °"e or more bindere and 

one of more surfactants. Also other ingredients, e.g., spacing particles. UVfilters, IR-absorbers. etc Can be added to 
toe aqueous composition when the final use of the conductive polymeric layer needs the presence of such an ingred" 
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SSween " - P,ete *!r ^ to sa.d object in such an amount that in the dried layer 

ToZ^ZT^^ * ^ ^ P"**** •» *~ oorrprises between 1 00 and 500 

I^LkJ^ a ^ ue ^ K com P° sifon <*" °* applied to any object needing a conductive layer, the object can be flat 
S£4i P ^T C '" m - 0rhaV,n9a threeKlimensional 8 9 rxxymeric bottles, polymeric parts of batteries, etc. 
[0022] The aqueous composition according to this invention can most beneficially be used for applying a conduc- 

Te ZZT^^T"!^ ^ be in0r9amC ° r ° f9an ' C - TypicalUmericfiJZtln ^ 

are films made from, eg., polyester (polyethyleneterephthalate. polyethlenenaphthalate. etc) polystyrene ootvcar- 

^l 0 '^^!^^ 6 ' po * imides - ceflutosetnacetate. polyolef ines, polyvinylchtoride. etc. Also inorganic sub- 
Z^ZTfT* 30 TZ* con * osifon PolytNophene, a pofyanion and compound A sutebte 

substiate are. e.g.. Si. ceram.cs. oxxtes. ag.. Indium-Tin oxide, glass, polymeric film remforced glass. totole^lassAxx- 
ymer* bminates. eto. The btier is a very good support for toe conductive layer made accSng toCrSodof 
1 r'f al ran te ve ^ ( even in the order of 10 to 400 (1 m) and still give both tnTZe^ 
^^SLSf ^ fle)dbili,y 01 ^ P 0 *" 8 * ,Bm When using fayers made of aqueous corrposffion^n- 
terrang pofytNophene. a polyanion and compound A tor use as transparent electrode in Displays, ag LCD* and 

rtST.T^r ^ *" PP-t ^ the ^rX^yuseS 

method of this invention, the aqueous composition can be 

" f ?f n i !i , l th !^ eCt meanS spiivcoated. sprayed on the object, it can also 

^ ™f Ml ttle COnt,nuous "^"9 techniques that are used to coat solute on running webs^gTdip coating 
c^rtTSnn a B ^ ^ C ° afin9 ' 9raVUfe C ° ating - reverse «»' coating, extrusion coating, slide c££gZ 
SET- ^2t? th6Se 0036,19 teChniC,UeS 030 be ^ book "Modern Coating and Drying Tectv 

notogy . Edward Cohen and Edgar B. Gutoff Editors. VCH publishers. Inc. New York. NY 1992 When the laWwfth tow 

ZTX ^ r T 00 1* fe inVenWOn h3S to be ^ «» 6 * a •«* tra'nspo^er^Te^tra^ 

SnJ 2 1° 0031 S,mUrta " eOUS ' y mUttiple ' ayerS ^ C ° a,inaS tech ^ ue known as useful for the simutenSus 

coating of multiple layers as e.g. slide coating, curtain coaling etc.. 

[0024] It is possible in the method of this invention to apply the aqueous composition to the substrate by printing 
techmques. ag mk-jet printing, gravure printing, flexo printing, offset printing etc. In this case the conposft,oncan be 
applied diredly in the form of electrode patterns. "*i»x>5nion can De 

Sr^i^Z^ 1 ^ 3 SUbStr3te ^ 3 aCCOrdina to invention - 030 »>« Patterned by using conven- 

tional photolithographic techniques as disclosed in, e.g.. US-A-5 561 030 and WO-A-97/18944. 
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[0026] Layers with low resistivity, made by the method according to this invention can be used in any application 
where* .tan electrodes, preferably transparent electrodes, on a substrate are used Such uses include a^n^oT 
ers, displays, e.g.. LCD's, electroluminescent displays. LED's, etc.. ^ 
5 100271 71,6 Present invention encompasses also an aqueous composition containing : 

a polythiophene 

a polyanion compound and 

an aprotic impound with dielectric constant. E . s 15 selected from the groip consisting of sulphones sulphoxides 
10 2£ P ^ ,eS ° f9aniCph °^ h0na,eS - orgarucphosphamides'urea. derives o^Sa^Sri 



In such a composition, the polythiophene has preferably the formula 
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in which, each of R 1 and R 2 independently represents hydrogen oraCl-4 alkyl group or together represent an 
sS^ST 6 " 01-4 *^ 9rOUP ° r 3 ^roup. preferably an ^enelo^T^^- 



EXAMPLES 

35 1 Preparation of the polythiophene dispersion (PT) (hereinafter called dispersion PT) 
[0028] 



a) Into 1000 ml of an aqueous solution of 14 g of polystyrene sulphonic acid (218 mmol of S0 3 H groups) with 
o^^TZ^:?^ 4000 °- W&e irtroduced 12 9 9 - P*—» Peroxodisuliate (SfcK 

b) 500 ml of the above prepared reaction mixture were diluted with 500 ml of water and stirred for 6 hours at room 
t«nperature ,n the presence of a granulated weak basic ion exchange resin LEWATIT H 600 (ZerZo^r 
AG, Leverkusen. Germany) and strongly acidic ion exchanger LEWATIT S 100 (trade name of Baver AG 

^ ny) - After beaiment ,he ^ exchange resins were tittered off and the potassium ion and 
sulphate .on content were measured which were respectively 0.4 g IC and 0.1 g (S0 4 f- per Btre 

EXAMPLE 1 

^LJ^fJ^T T 3 ^ 50 9 °* melh J*yrr"'«one (compound A) were mixed with a binder (8.5 ml of a 

^0 ^P ^^^^ k ^^^ aCT ^ te( ^ iC aad 88/10e ) a surfactant (0.5 ml of FLUORAD 
of 3M) and the m.xture was brought to 1000 ml with distilled water 

Z^LJTr IT* w ^. coated ^ 100 *ick Pofyethyleneterepmhalatefilm whereon a subbing layer (as usual 

2i* "Z?*" ma,e " al) WaS present Ttle mfarture *as coated at a wet thickness of 40 n£ and dried 

♦It .2L TO T« nS : nd,Ca,ed in TaWe1 ^ * ied ^ «•**•* 200 mg/nf of polythiophene. TrTvSueTof resS 

OwSSjLJE. " ^ meaSUred 38 d6SCribed ^ ^ net ° pfiCal densi * - *• >5» — b^een OOaTno 
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Table 1 
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EXAMPLE 2 



30 



52. L . ^ e 1 W3S repeated ^ * e mixture was coated at a wet thickness of 100 mu The layer was 
dned at a temperature of 35 °C during 4 seconds and contained 500 mg/m* of polythiophene * 
[0032] The resistivity in n/square was measured as described above and was 330 fi/square. 

EXAMPLE 3 



35 



40 



45 



iS tk ^ art1P<e repeated except that LS-dimelhyl-Z-imidazolidinone was used instead of N-methytoyrro- 
EXAMPLE 4 

St a t^LeT^^^l!^^"^ WaSUSedinsteado1 N-methv^olldone. The layer was 
waf 7 S) f^Xr 9 SeC ° nda ™ e reS,StVrty in fi/fe * Jafe was as described above and 

EXAMPLE 5 

10035] Example 1 was repeated except that N.N.N'.N'- tetramethylurea was used instead of N-methytoyrroBdone 
EXAMPLE 6 
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55 



£™fL a tSStVeTas^lT^ "2 fc T mide W3S US6d ins,ead * ^y.pyrro.idone. The layer was 
ZTvto o^Zl C during 4 seconds. The resnjbvity in n/square was measured as described above and 

EXAMPLE 7 

[0037] Example 1 was repeated except that tetramethylenesulphone was used instead of N-methytoyrrolidone The 
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EXAMPLE 8 



f 00381 ^T P ' e 1 W3S r6pea1ed exCept *■» N.N^imethylacetamide was used instead of N-methylpyrrolictone The 

COMPARATIVE EXAMPLE 

Example 1 was repeated, but instead of compound A, 22.5 mg of sorbitol was added The layer was dried 
rature of 35 "C during 4 seconds. The resistivity was > 10 6 fifcouare. Onlv after anneal;™, af onn or w on 



[0039] 

at a temperature orco ~o aunng 4 seconds. The resistivity 
sec, a resistivity of 1 000 afcquare was reached. 

[0040] ft is dear that in the method of this invention the annealing step can be omitted and 



can be reached 
Claims 
1 



n/square. Only after annealing at 200 °C for 90 
still a very low resistivity 



A method for producing a polymeric conductive layer on an object comprising the steps of : 

- providing an aqueous composition containing 

a polythiophene. 

a polyanion compound and 

an aprotic compound with a dielectric constant, e. £15; 

- applying said composition to said object forming a layer; and 

- drying said layer to form a conductive polymeric layer on said object 

characterised in that said object and said layer are kept at a temperature below 100 »C and said conductive oolv- 
menc layer has a resistivity of at most 2 kQ/square. uciive poly 

2. A method according to claim 1, wherein said polythiophene has the following formula : 



0 



O R 2 



L 



_Jn 



wherein each of R 1 and R 2 independently represents hydrogen or a C1-4 alkyi group or together represent an 
S^SSTIS 1 " a,ky,ene ^ W 3 Cyd ° alky,ene preferabiTan^enelnZ Z^n^ 

3. A method according to daim 1 or 2. wherein said object and said layer are kept at a temperature below 50 »C. 

& t^'" 9 *°l ny °* daimS 1 10 4 wherein *** a P rofc compound is selected from the group of lactams 

armies, sulphones. sulphoxrfes. organic phosphates esters, organic phosphonates. organic pholphamides^,' 
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derivatives of urea and mixtures thereof. 

6. A method according to any of claims 1 to 5. wherein said object is a polymeric film. 

7. A method according to any of daims 1 to 5. wherein said object is a flexible glassfeolymeric film laminate. 

9 ' ^SiST"* C ° ndUCHVe to Cbim 8 35 e,ectrode - displays and electrolumines- 

10. An aqueous composition containing 

a polythiophene, 

- a polyanion compound and 

- an aprotic compound with dielectric constant, c. ^ 1 5 selected from the group consisting of subhones sutohn* 

mS u rs ospha,es or9an * *o^z™z%v^^ 

11. An aqueous composition according to cteim 10. wherein said polythiophene has the following formula : 

R 1 <> O R T 



n 



wherein eachof R 1 and R 2 independently represents hydrogen or a C1-4 alkyl grotc or together reoreserrt an 
ZT^s^Z^ alMene 9r ° UP " 3 group, preferabfT^ZHmup 
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